Reads from RNA-sequencing (RNA-seq), whole exome sequencing (WES), and mate pair whole genome sequencing (MP-WGS) that support a IGH-DUX4 rearrangements are visualized using IGV 1 for the cases (a) #35, (b) #47, (c) #53, (d) #67, (e) #124, (f) #174, and (g) #179. Within each IGV window, the sequencing reads are illustrated below the chromosomal coordinates and include RNA-seq (top), WES (middle), and MP-WGS (bottom). WES data for breakpoint detection was available for the cases #35, #47, #174, and #179. The DUX4 coding region or genes within IGH are indicated below the sequencing reads. The detected breakpoints are indicated by a red line. The visualization only contains read pairs consisting of one read within IGH and one read in the DUX4, and thus supporting a breakpoint involving these regions. Reads in the RNA-seq and WES libraries will be directed towards the breakpoint they support whereas reads in the MP-WGS library will be directed away from the breakpoint. The insert sizes were between 1-8 kb for MP-WGS libraries and between 200-400 for RNA-seq and WES libraries. The exact 5' breakpoints for case #35 and the exact 3' breakpoints for case #67 could not be conclusively determined from the visualized reads. The exact breakpoints for these cases were instead detected by guided assembly of all RNA-seq reads mapping to the DUX4 region, followed by alignment of "overhang" regions.
DUX4 gene expression in 244 BCP ALL cases with and without DUX4 rearrangement from the combined discovery and validation cohorts. DUX4 is significantly overexpressed in DUX4-rearranged cases. The boxes are defined by the first and third quartiles and whiskers extend from the boxes to the highest and lowest values. Two sided P-value calculated using Mann-Whitney U test. (a) Hierarchical clustering of the 195 BCP ALL cases in the discovery cohort. Three BCR-ABL1-positive cases and 11 cases from the B-other group form a cluster with high expression of genes from the R8 gene set, indicating a Ph-like expression profile. In addition, all eight cases with DUX4 rearrangement cluster together and exhibit high expression of the genes from the R6 gene set. (b) Hierarchical clustering of the 244 BCP ALL cases in the combined discovery and validation cohorts. All 28 DUX4 rearranged cases cluster together and exhibit high expression of the genes from the R6 gene set. In addition, all six cases with ZNF384 (EP300-ZNF384, n=4; TAF15-ZNF384, n=1, TCF3-ZNF384, n=1) cluster together and exhibit high expression of the genes of the R5 gene set. All four cases with fusions involving MEF2D (MEF2D-HNRNPUL1, n=3; MEF2D-FOXJ2, n=1) cluster together and exhibit high expression of the genes of the R3 gene set. ACVR1C  EPHB2  MST1R  FGFR4  NTRK1  INSR  TYRO3  ACVR2B  NRP1  RYK  FLT1  ACVR1  IGF1R  MET  CRIM1  TRIM27  NRP2  EFNA4  PDGFRL  IGF2R  FGFR1  TIE1  TGFBR1  PTK7  FLT4  ERBB4  EPHB6  TEK  ERBB3  EGFR  AXL  KDR  PDGFRA  ALK  ROR1  DDR1  DDR2  EFNA3  EFNB3  ROR2  EPHA5  ACVR2A  ACVRL1  MUSK  TGFBR2  FLT3 Fig 4a) . This analysis revealed five additional cases (four B-other and one BCR-ABL1-positive) with a similar gene expression profile. The 15 B-other cases in this cluster were labeled "Ph-like". (b) Hierarchical clustering of 244 BCP ALL cases from the combined discovery and validation cohorts based on the same genes as in (a). Five cases in the validation cohort cluster with the Ph-like cases. Of these, one case (case val_25) exhibited an ETV6-RUNX1-like gene expression profile and harbored an out of frame ETV6-BCL2L14 gene fusion. The remaining four cases were labeled "Ph-like". In addition, ETV6-RUNX1 fusions were detected in one case that had not been tested and in one case that had been negative by RT-PCR. The latter fusion had a rare breakpoint that was not detectable by the RT-PCR assay. MLL fusions were detected by RNA-seq in 10/13 cases that had been positive by FISH, RT-PCR, or Southern blot. In addition, one case that had been negative for MLL-rearrangements by FISH harbored an intrachromosomal MLL-USP2 fusion. TCF3-PBX1 could be detected by RNA-seq in all 13 cases where the fusion had been detected by RT-PCR. BCR-ABL1 or ABL1-BCR fusions could be detected in all cases that had been positive for BCR-ABL1 by RT-PCR.
Supplementary

Supplementary Figure 13. Gene fusion network analysis.
Gene fusion network analysis of (a) in-frame fusions detected in 244 BCP-ALL cases in the combined discovery and validation cohorts, and (b) fusions in BCP-ALL cases from literature data 3 . Genes with two or more fusion partners (from different cases) are indicated by their gene symbol. Only gene fusions discovered using guided methods (i.e. not deep sequencing) were included in the literature data. 
